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Potential of the LHC and LC to Study
Degenerate Wino Pairs

John F. Gunion and Stephen Mrenna
UC Davis Institute for High Energy Physics

X Mo < My, || is “natural” when:

® gaugino masses are dominated by loop corrections

= O-ll superstring models

A. Brignole, L.E. Ibanez, and C. Munoz
> SUSY-breaking from the conformal anomaly (AMSB)
G.F. Gludice, M.A. Luty, H, Murayarna and R. Rattazzl; L. Randall and R. Sundrum
® SUSY is broken by an F'—term that is not an SU(5) singlet

Snowmass96 Summer Study

X LSP and NLSP are Winos with nearly degenerate masses

e Radiative corrections favor M~ — M~ > m,
Ch Ny

8. Mizuta, D. Ng, M. Yamaguchi; A. Papadopoulous, D. Fierce; D. Plerce, J. Bagger, K. Matchev, R.—J. Zhang

See related studies of AMSB-like phenomenoclogy
Gunion, Dress; Gunion, Drees, Chan; Gharghetta, Guidice, Walls; Feng @t al.; Gunion, SM;

Pgige, Wells; Baer, Mizukoshi, Tata

Talk available at:
http://moose.ucdavis.edu/mrenna/talks/LCsusy.ps
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LEP, Tevatron and NLC expectations

Phenomenology depends critically on mass degeneracy.

% 'ME — M e < 1 GeV can yield quasi-stable charginos, kinks or
1 1

stubs, or high-impact parameter pions

e M 5 M N 1 GeV is already considered SUGRA-like for LEP,
1

but will be challenging for hadron colliders

® At a hadron collider, depends also on AM = Mgz — MN
Ny

LEP or NLC can probe near kinematic limit

S a o
e C7C Ichl N, < My

. 7614' 5{ =+ v + M +possibly 51 — soft 7 (vy-y background)

Tevatron@10 o~ 1

e C1C1 + C1 N1 — LHITs/STUBs M~ 450/200 GeV
1

o v+ Fr,jets+Erp for AM ~ 0 Ma; ~ 170 GeV
1

® mSUGRA case for AM large

v¢ For LHC, concentrate on challenging case when
chargino decays are not visible

- /
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minimal (m)AMSB at the LHC

In MAMSB, mass hierarcy at @ M gy is

lM]l : |M3| : |M3| ~3:1:7

Large 7 because AM — Mj; — MR,T ~ .8Mj
! 1 .

Squarks and Sleptons can be relevant

M? ~ Mg + .89M;
MZ ~ M§ — (.03 - .04) M3

s multijet+ £

My > Mg (Mo =3TeV) =>g+g
Mo~ Mz=qg+79g

® 1(2) Lepton(s)-+jets+ Fp

My ~ Mz = ER — ﬁgq, ﬁg — WE]
My = .4.M§ = ER —¥ ﬁgq, Ivg — EE
MQ}}M_@Z? ﬂgwu}tfﬁl, tBEﬂ,---
Discovery convention:

2.5 2
B

\\/E

Nev > 5@10 b1
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/ LHC Results for 10 fb™! \
[hep-ph/0007073], H. Baer, J. K. Mizukoshi and X. Tata
My 3
[ Tey ™ 1 LEPTON
(n) = number of leptons
mAMSB ISAJET M Our M

My = .4Mjy 20TeV (2) 1.8(0) 1.7 (1) TeV

My=Mz | 1.5Tev(0,1) | 1.6(0)1.3 (1) TeV

Mo > Mz | 1.3Tev (0,1) 1.3 (0) TeV
AM M for Mg ~ 3 TeV
5TeV 1TeV
3 TeV .75—.85 TeV
~0 | 3—4TeV(y+ ET)

/

Stephen Mrenna (UC Davis)-4




L0 Workshop 2000

LHC Summary

e We analyzed SUSY models with a nearly degenerate C'y — N, pair

> Concentrated on case when chargino decays are invisible

Similar (but different) results for AMSB as ISAJET group

> Looser cuts yield larger backgrounds, but comparable to matrix
element results

> Our reach in 1 lepton+-jets+ E is lower

e SUSY@LHC may appear only as excesses on tails of SM backgrounds
> Need to understand QCD to do this right (for signal and background)
> How do you know it is SUSY?

e AMSB mass splitting is large AM ~ .8Mj

> Smaller A M much more challenging - - - can SUSY remain hidden™
at LHC?

® Since ME;' = 300 GeV = Mz = 2.1 TeV, LHC with 10 fo— ! does
1
not have the same reach as NLC600 for AMSE, unless MU small

t= NLC600 may not have kinematic reach beyond C'y, Ny

N /

Stephen Mrenna (UG Davis)-5




LC Workshop 2000

Lepton Collider Overview

v/ Concentrate on difficult case when scalars are heavy
® Amil < My
EZ‘? yields a highly—ionizing or disappearing track
5; 5]_ production will be easily seen
e Amg, >2-3GeV
mSUGRA limit at LEP2
X my; <Amg, <2—3GeV
Ejf: - ]v1 nt decay yields a soft 7 track
STUB (Amyg, < 180 MeV)orHIP (Amg, < 1 GeV)
> vy — 7 background makes direct 5f 51_ unmanageable
> ete — "y&f 61_ (with -y background)

v + ¥ + 7 signature
p > 10GeV,10° < 6., < 170°

Disclaimer: We assume background to -y + (s) signal is small. No
decent Monte Carlo programs, but measured background after cuts at LEP2
is negligible, even without requiring a high impact parameter for at least one
of the m’s.

N /
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/ NLC600 reach for 50 fb—1/1 ab~! \

NLC600

LN TR B LA L L AL W B B B S

Standard SUSY Search

AM (GeW)

10

100 120 140 160 180 200 220 240 260 280 300
Chargino Mass (GeV)

® 10 event min for “background free”

e otherwise S/v/B > 5,5/B > 0.02

e For 200 MeV < Amg, < 2 GeV, « tag is necessary for tagging
and reducing background

SNT = terminating chargino track

HIP = soft 7r with significant impact parameter

!W = two, soft, acollinear pions /

Stephen Mrenna (UC Davis)-7




LC Workshop 2000

4 A

M Signal from y+Invisible

00/03/27 23.52
NLC600
Y e B —

mw

SNB=5
M(Wino)=200 GeV

1
=]
LI AR BN B L L

|
!
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140 LI BN B I IR R s e
120 H’
100 |
80 |
60 | .
a0 F fllﬂiﬂﬂ# .
20 F 3
:.Mﬁ’-l',.....i....I....I....IJ...I....I....:

400 425 450 475 500 525 550 575 60
Missing Mass M (GeV)

R
faaaliiy

dN/dM (per 5 GeV bin

S/B = .02 = M = 200GeV (50 fb~")
1

§/B = .01 = My = 250 GeV (180 fb~ 1)
1

o

mey (GeV) 175 250 275
1l ___
o () 3.9 23 1.4
S/B 0.043 | 0.025 | 0.016
L 1)for50 | 150 435 | 1140

Table 1: 7y + M results for 580 < M < 590 GeV.
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Determining m = and Amy,

Cl
NLC600
1.6 P e T
[ Chargino Mass = 175 GeV 4
14 ¢, Cs i
AM=(Emm+Erruin) MG/ M -

12
: B AM=200 MeV
- R AM=300 MeV

EE AM=500 MaV

= ]

Qo8 -

«Lut: -

06 .

0.4 .

02 | ]
0..l....|._...|....|....|.".‘1.‘.-

350 400 450 500 550 600
M (GeV) Com
§ M~y — O0m—~, ) — — — = —~
( Gk C;L) ﬂ:) S(m Gk 5mc:':‘=)

Find 6m~J_ for 50 fb—=1/1 ab—?!
i € [150, 225] GeV = 5m~ﬂ: =1/.2GeV
m~i € [250,275] GeV = mzz; = 0.5/.1 GeV

\_ /
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Amy, from Average /2 Near Threshold

D [ — o
L AMS 0.1630E-01
o ALLGHAN 25
22'5_ K/t 1972 / a7
= . Constant 20.66
L 20 - T Mean 0.2035
= L Sigma 0. 1574E-01
@D [ Ll
21751 /
L) C 1
o 1sf ! |
s |
asE
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T 10F
— - 4
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(11 r .
25| f
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*
E: (GeV)

SEy = 0Amy, = ox/V N =-sub-MeV resolution
Note systematic shift in mean (correctable)
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10 KS, L=50 fb™'

KS Test of Full 1-D or 2-1 Distribution

10 KS, t=1000 b’

—~ 45 oy, 4D
%4?— x w6 [0 :3'_,4:'— X ox % WX Om
-.(..'2;3.5 z 5-33_5 :
&3 E x v @ @[] EHJE x x x % x B[] =
w0 25 - ©o 25 F
2 E = w [@ [ S0 2; oW oM X X % [B B X X
15 E 15 E
1-;—><><|§][__-_||]- O e 1;—‘xxxxx[g|[§|nxxx
05 [ 05 E
0 Ex[EME - 8l 18] % O Fx % % x[@ [@x x x x
o8 Bt o0 Bl
sAm, (MeV) SAm, (MeV)
45 2D KS, L=50 fb™" 45 2D KS, L=1000 fb™
:d,.') 4 E *x x @ B[] - % 4 X X X X X x X
L3s O35 |
E",‘j * x o OO E",}' X X R OK K K X
> 2.5 © 2.5
2 * w a6 [] - 2 XK KKK KM OB XX
1.5 1.5
1 = o8]0 o T B % x x x ww@=x x x
05 ¢ a.5
0 EedO - [0 o Q * % x x[@ [@E=x % = x
05 Bogappgegg g <08 Bl g
8Am, (MeV) 5Am, (MeV)

=probability of compatibility between neighboring points in

A

[mgli , Ams, |-space

x =P <0.1
0=01< P<0.3
U=03< P <068
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/ Polarization Dependence \

~15. ig
ZCy ¢y :;‘;"Y” (ofi P + Of} Pg)

1 . 1
oy = _C%v + §V122 O = ‘"Cffv + §U122

mw\/i(Mg(:ﬁ + psg)
M2 — 2

Uz = (IM2 + pu| > mz)

By accident (sin? fyy = %), o [Wino pair (+y)] ~ O for €n

However, polarization can help in measuring parameters

Polarized Chargino Production at High Luminosity

450
i Mq=175 GeV
400}
F O tanf=2
350: O tanp=b
C O tanf=10
- 300 O tanp=20
9 O tanp=35
— 250} 9 tanp=50
£
£200
o
11} [
150F
100}
50¢
. il

AN e e AR BT U T AP U AT IS RN R EPATIE RO
03 04 05 06 07 08 0.9 1
\ Asymptotic form of U, /
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Constraining M, /¢t and tan (3

76’? 51' at an Unpolarized LC
M~ =175 GeV

|

1
215 [ -
[ e no culs
210 [ memer ox411
‘ B A8 =co<41ib
205 (S 402<0-4061b
[~  398<0<40210
200 |-
195 |
> |
D190
s f
185 |
180 |
'.-‘4 4 u"l’r?;’:“::t:lf:.f
175 [issions
sy
170 [
165 ) BT I TR SR ST SO SN TN ST W SO0 WO WU A A U TN N T AN AN NN EN N AN A RN TR -
S1000 -800 -600 -400 -200 0O 200 400 600 800 1000 :

u(Gev)

e Small |u| measured to ~ 200 GeV

e Large |u| = M2 ~ ME + 5 GeV
1

e tan /3 essentially undetermined

e o(\/3)/o(Vs") ~ constant

o /
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Combination of Polarized and Unpolarized Data is most constraining

1ab” unpolarized + 1 ab™ unpolarized

50 o TR T 6 ST
¥°<6.18
MC;.“.‘I?S GeV
40
e
- L
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20 Xl > g
10 @ o |
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170 180 190 200 210 220
M, (GeV)

e Mo — tan 3 points are models
e tan /3 error bars given by other y2-compatible models

e larger My = smaller |y

-
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N

L=1 ab™" unpolarized + L=1 ab™ polarized
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4 N\

LC Summary
v/ LCcan easily discover 5 ﬁ" nearly degenerate with Kf 1

. Am;,;,_] < My = long-lived heavily ionizing Cj‘f tracks

o Amg, ~ 2 GeV = mSUGRA signals

V' 200 MeV < Amy, < 2 GeV is the most challenging

X v + F + 7 final state will be the crucial discovery mode

¢/ LC can measure:

> m~_ from M threshold (<. 0.5% error)

¢y

b Amg, from the average soft 7 energy near threshold (0.5% error)

¢/ Constraints on My, p and tan Jo]
B best from polarized+unpolarized data

> Polarized measurements need 1 ab—1

X Must understand/control 77y backgrounds

N /
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